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Objectives. 

The  motivating  application  for  this  research  is  the  global/local  optimal  design  of  composite 
aircraft  structures  such  as  wings  and  fuselages,  but  the  theory  and  algorithms  are  more  widely 
applicable  in  engineering  design.  Research  is  proposed  on  three  distinct  topics.  (1)  Rigorous 
mathematical  theory  will  be  developed  supporting  a  decomposition  strategy  for  global/local  op¬ 
timization.  Advanced  computational  and  numerical  approximation  techniques,  such  as  massively 
parallel  computing  and  surrogate  functions,  will  be  used  in  the  decomposition.  (2)  Local  panel 
optimization  algorithms  that  can  handle  both  discrete  and  continuous  variables  efficiently  will  be 
investigated.  Several  different  strategies  for  blending  local  composite  panel  designs  to  improve  man¬ 
ufacture  will  be  developed  and  tested.  (3)  Mathematical  theory  and  parallel  computing  paradigms 
for  cellular  automata  applied  to  structural  design  will  be  developed  and  validated  on  a  variety  of 
structural  design  problems.  Comparison  to  standard  FEM-based  optimization  will  be  done. 

Major  accomplishments. 

Significant  progress  was  made  on  each  of  the  three  research  objectives.  (1)  Haftka  and  Watson 
developed  a  rigorous  decomposition  theory  for  a  large  class  of  multidisciplinary  design  optimization 
problems  involving  both  real  and  integer  variables,  and  demonstrated  the  utility  of  the  theory  for 
parallel  optimization  and  large  scale  engineering  design.  (2)  Significant  new  genetic  algorithms 
employing  memory,  migration,  new  mixed  integer  variable  encodings,  and  new  local  improvement 
schemes  were  developed  and  applied  to  blended  composite  panel  wing  design.  (3)  The  suitability 
of  cellular  automata  for  massively  parallel  structural  design  was  explored  in  depth,  with  both 
theoretical  and  applied  results  obtained. 

The  project  produced  two  Ph.D.  theses,  two  M.S.  theses,  and  partially  supported  numerous 
students  and  visiting  faculty  besides  the  Pis.  Directly  or  indirectly  attributable  to  the  grant  support 
are  over  45  journal  publications,  over  60  refereed  conference  papers,  and  over  20  articles  currently 
under  review.  Substantial  technology  transition  to  industry  and  government  also  occurred  during 
the  grant  period. 


Personnel  supported. 

Faculty  supported  by  the  grant  are  Z.  Giirdal,  R.  T.  Haftka,  and  L.  T.  Watson.  Graduate 
students  supported  by  the  grant  are  David  Adams  and  Vladimir  Gantovnik  at  Virginia  Tech,  and 
Laurent  Grosset  and  Jaco  Schutte  at  Florida.  Others  associated  with  the  project  are  students 
Shahriar  Setoodeh,  Omprakash  Seresta,  Ozlem  Armutcuoglu,  Mostafa  Abdalla,  Douglas  Slotta, 
and  Manjula  Iyer,  post-docs  Boyang  Liu  and  Samy  Missoum,  and  a  Statistics  Department  faculty 
member  Christine  Anderson- Cook. 


Publications. 

Journal  articles  published  during  the  grant  period  are: 

S.  Hosder,  L.  T.  Watson,  B.  Grossman,  W.  H.  Mason,  H.  Kim,  R.  T.  Haftka,  and  S.  Cox,  “Polyno¬ 
mial  response  surface  approximations  for  the  multidisciplinary  design  optimization  of  a  high 
speed  civil  transport”,  Optim.  Engrg.,  2  (2001)  431-452. 

C.  A.  Baker,  B.  Grossman,  R.  T.  Haftka,  W.  H.  Mason,  and  L.  T.  Watson,  “High-speed  civil 
transport  design  space  exploration  using  aerodynamic  response  surface  approximations”,  J. 
Aircraft ,  39  (2002)  215-220. 
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S.  A.  Ragon,  Z.  Giirdal,  and  L.  T.  Watson,  “A  comparison  of  three  algorithms  for  tracing  nonlinear 
equilibrium  paths  of  structural  systems”,  Internat.  J.  Solids  Structures,  39  (2002)  689-698. 

L.  T.  Watson,  “Probability-one  homotopies  in  computational  science” ,  J.  Comput.  Appl.  Math., 

140  (2002)  785-807. 

S.  C.  Billups  and  L.  T.  Watson,  “A  probability-one  homotopy  algorithm  for  nonsmooth  equations 
and  mixed  complementarity  problems”,  SIAM  J.  Optim.,  12  (2002)  606-626. 

J.  He,  L.  T.  Watson,  N.  Ramakrishnan,  C.  A.  Shaffer,  A.  Verstak,  J.  Jiang,  K.  Bae,  and  W.  H. 
Tranter,  “Dynamic  data  structures  for  a  direct  search  algorithm”,  Comput.  Optim.  Appl.,  23 
(2002)  5-25. 

R.  Vitali,  O.  Park,  R.T.  Haftka,  B.V.  Sankar,  and  C.A.  Rose,  “Structural  optimization  of  a  hat- 

stiffened  panel  using  response  surfaces,”  J.  Aircraft,  39  (2002)  158-166. 

S.  Missoum,  Z.  Giirdal,  W.  Gu,  “Optimization  of  nonlinear  trusses  using  a  displacement  based 

optimization  approach”,  Structural  and  Multidisciplinary  Optimization,  23  (2002)  214-221. 
G.  Soremekun,  Z.  Giirdal,  C.  Kassapoglou,  and  D.  Toni,  “Stacking  sequence  blending  of  multiple 
composite  laminates  using  genetic  algorithms” ,  Composite  Structures,  56  (2002)  53-62. 

S.  Missoum  and  Z.  Giirdal,  “A  displacement  based  optimization  for  truss  structures  subjected  to 
static  and  dynamic  constraints”,  AIAA  J.,  40  (2002)  154-161. 

M.  Sosonkina,  D.  C.  S.  Allison,  and  L.  T.  Watson,  “Scalability  analysis  of  parallel  GMRES  imple¬ 

mentations”,  Parallel  Algorithms  Appl.,  17  (2002)  263-284. 

G.  Mateescu,  C.  J.  Ribbens,  and  L.  T.  Watson,  “A  domain  decomposition  preconditioner  for 

Hermite  collocation  problems”,  Numer.  Methods  Partial  Differential  Equations,  19  (2003) 
135-151. 

H.  Kim,  R.  T.  Haftka,  W.  H.  Mason,  L.  T.  Watson,  and  B.  Grossman,  “Probabilistic  modelling 

of  errors  from  structural  optimization  based  on  multiple  starting  points”,  Optim.  Engrg.,  3 
(2002)  415-430. 

D.  J.  Slotta,  B.  Tatting,  L.  T.  Watson,  Z.  Giirdal,  and  S.  Missoum,  “Convergence  analysis  for 
cellular  automata  applied  to  truss  design”,  Engrg.  Comput.,  19  (2002)  953-969. 

L.  T.  Watson,  V.  K.  Lohani,  D.  F.  Kibler,  R.  L.  Dymond,  N.  Ramakrishnan,  and  C.  A.  Shaffer, 
“Integrated  computing  environments  for  watershed  management”,  J.  Comput.  Civil  Engrg., 
16  (2002)  259-268. 

N.  Ramakrishnan,  L.  T.  Watson,  D.  G.  Kafura,  C.  J.  Ribbens,  and  C.  A.  Shaffer,  “Programming 

environments  for  multidisciplinary  grid  communities”,  Concurrency  Comput.:  Pract.  Exper., 
14  (2002)  1241-1273. 

S.  Missoum,  Z.  Giirdal,  and  L.  T.  Watson,  “A  displacement  based  optimization  method  for  geomet¬ 
rically  nonlinear  frame  structures”,  Structural  Multidisciplinary  Optim.,  24  (2002)  195-204. 
V.  B.  Gantovnik,  Z.  Giirdal,  and  L.  T.  Watson,  “A  genetic  algorithm  with  memory  for  optimal 
design  of  laminated  sandwich  composite  panels”,  Composite  Structures,  58  (2002)  513-520. 
V.  B.  Gantovnik,  Z.  Giirdal,  L.  T.  Watson,  and  C.  M.  Anderson-Cook,  “A  genetic  algorithm  for 
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AIAA  J.,  43  (2005)  1844-1849. 

D.  B.  Adams,  L.  T.  Watson,  and  Z.  Giirdal,  “Optimization  and  blending  of  composite  laminates 
using  genetic  algorithms  with  migration”,  Mech.  Adv.  Materials  Structures,  10  (2003)  183- 
203. 

B.  G.  Zombori,  F.  A.  Kamke,  and  L.  T.  Watson,  “Simulation  of  internal  conditions  during  the 
hot-pressing  process”,  Wood  Fiber  Sci.,  35  (2003)  2-23. 
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A.  Verstak,  N.  Ramakrishnan,  L.  T.  Watson,  J.  He,  C.  A.  Shaffer,  K.  K.  Bae,  J.  Jiang,  W.  H.  Tran¬ 

ter,  and  T.  S.  Rappaport,  “BSML:  a  binding  schema  markup  language  for  data  interchange 
in  problem  solving  environments”,  Sci.  Programming,  11  (2003)  199-224. 

R.  T.  Haftka  and  L.  T.  Watson,  “Multidisciplinary  design  optimization  with  quasiseparable  sub¬ 
systems”,  Optim.  Engrg.,  6  (2005)  9-20. 

J.  He,  A.  Verstak,  L.  T.  Watson,  C.  A.  Stinson,  N.  Ramakrishnan,  C.  A.  Shaffer,  T.  S.  Rappaport, 
C.  R.  Anderson,  K.  Bae,  J.  Jiang,  and  W.  H.  Tranter,  “Globally  optimal  transmitter  placement 
for  indoor  wireless  communication  systems”,  IEEE  Trans.  Wireless  Commun.,  3  (2004). 

D.  B.  Adams,  L.  T.  Watson,  Z.  Giirdal,  and  C.  M.  Anderson-Cook,  “Genetic  algorithm  optimization 
and  blending  of  composite  laminates  by  locally  reducing  laminate  thickness”,  Adv.  Engrg. 
Software,  35  (2004)  35-43. 

J.  Shu,  L.  T.  Watson,  N.  Ramakrishnan,  F.  A.  Kamke,  and  B.  G.  Zombori,  “An  experiment  man¬ 
agement  component  for  the  WBCSim  problem  solving  environment”,  Adv.  Engrg.  Software, 
35  (2004)  115-123. 

J.  W.  Zwolak,  J.  J.  Tyson,  and  L.  T.  Watson,  “Finding  all  steady  state  solutions  of  chemical  kinetic 
models”,  Nonlinear  Anal.:  Real  World  Appl.,  5  (2004)  801-814. 

J.  W.  Zwolak,  J.  J.  Tyson,  and  L.  T.  Watson,  “Parameter  estimation  for  a  mathematical  model  of 
the  cell  cycle  in  frog  eggs”,  J.  Comput.  Biology,  12  (2005)  48-63. 

B.  Liu,  R.  T.  Haftka,  and  L.  T.  Watson,  “Global-local  structural  optimization  using  response 

surfaces  of  local  optimization  margins”,  Structural  Multidisciplinary  Optim.,  27  (2004)  352- 
359. 

J.  I.  Watkinson,  A.  A.  Sioson,  C.  Vasquez-Robinet,  M.  Shukla,  D.  Kumar,  M.  Ellis,  L.  S.  Heath, 
N.  Ramakrishnan,  B.  Chevone,  L.  T.  Watson,  L.  vanZyl,  U.  Egertsdotter,  R.  R.  Sederoff,  and 
R.  Grene,  “Photosynthetic  acclimation  is  reflected  in  specific  patterns  of  gene  expression  in 
drought-stressed  loblolly  pine”,  J.  Plant  Physiol,  133  (2003)  1702-1716. 

N.  A.  Allen,  C.  A.  Shaffer,  M.  T.  Vass,  N.  Ramakrishnan,  and  L.  T.  Watson,  “Improving  the 

development  process  for  eukaryotic  cell  cycle  models  with  a  modeling  support  environment”, 
Simulation,  79  (2003)  674-688. 


4 


N.  Allen,  L.  Calzone,  K.  C.  Chen,  A.  Ciliberto,  N.  Ramakrishnan,  C.  A.  Shaffer,  J.  C.  Sible,  J. 
J.  Tyson,  M.  Vass,  L.  T.  Watson,  and  J.  Zwolak,  “Modeling  regulatory  networks  at  Virginia 
Tech”,  OMICS,  7  (2003)  285-299. 

B.  G.  Zombori,  F.  A.  Kamke,  and  L.  T.  Watson,  “Sensitivity  analysis  of  internal  mat  environment 
during  hot-pressing”,  Wood  Fiber  Sci.,  36  (2004)  195-209. 

R.  Skidmore,  A.  Verstak,  N.  Ramakrishnan,  T.  S.  Rappaport,  L.  T.  Watson,  J.  He,  S.  Varadarajan, 

C.  A.  Shaffer,  J.  Chen,  K.  K.  Bae,  J.  Jiang,  and  W.  H.  Tranter,  “Towards  integrated  PSEs 
for  wireless  communications:  experiences  with  the  SAW  and  SitePlanner  projects”,  ACM 
SIGMOBILE  Mobile  Comput.  Commun.  Rev.,  8  (2004)  20-34. 

S.  A.  Ragon,  Z.  Giirdal,  R.  T.  Haftka,  T.  J.  Tzong,  “Bilevel  design  of  a  wing  structure  using 

response  surfaces,”  J.  Aircraft,  Vol.  40,  No.  5,  2003,  pp.  985-992. 

B.  Liu  and  R.  T.  Haftka,  “Minimization  of  composite  wing  weight  using  flexural  lamination  pa¬ 
rameters,”  Structural  and  Multidisciplinary  Optimization,  Vol.  26,  2004,  pp.  111-120. 

B.  Liu,  R.  T.  Haftka,  and  P.  Trompette,  “Maximization  of  buckling  loads  of  composite  panels 
using  flexural  lamination  parameters,”  Structural  and  Multidisciplinary  Optimization,  Vol. 
26,  2004,  pp.  28-36. 

M.  M.  Abdalla  and  Z.  Giirdal,  “Structural  design  using  cellular  automata  for  eigenvalue  problems”, 
Structural  and  Multidisciplinary  Optim.,  26  (2004)  200-208. 

S.  Busquets-Monge,  G.  Soremekun,  E.  Hertz,  C.  Crebier,  S.  Ragon,  D.  Boroyevich,  Z.  Giirdal, 
M.  Arpilliere,  and  D.  K.  Lindner,  “Power  converter  design  optimization:  a  GA-based  design 
approach  to  optimization  of  power  electronics  circuits” ,  IEEE  Industry  Applications,  10  (2004) 
32-29. 

M.  Papila,  R.  T.  Haftka,  and  L.  T.  Watson,  “Pointwise  bias  error  bounds  and  min-max  design  for 
response  surface  approximations”,  AIAA  J.,  43  (2005)  1797-1807. 

Refereed  conference  papers  published  during  the  grant  period  are: 

H.  Kim,  W.  H.  Mason,  L.  T.  Watson,  B.  Grossman,  M.  Papila,  and  R.  T.  Haftka,  “Protection 
against  modeling  and  uncertainties  in  design  optimization” ,  in  Modeling  and  Simulation-Based 
Life  Cycle  Engineering,  K.  Chung,  S.  Saigal,  S.  Thynell,  and  H.  Morgan  (eds.),  Spon  Press, 
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V.  M.  Perez,  J.  E.  Renaud,  and  L.  T.  Watson,  “Homotopy  curve  tracking  in  approximate  interior 
point  optimization”,  Optim.  Engrg.,  to  appear. 

S.  Setoodeh,  Z.  Giirdal,  and  L.  T.  Watson,  “Design  of  variable-stiffness  composite  layers  using 

cellular  automata”,  Comput.  Methods  Appl.  Mech.  Engrg.,  to  appear. 

J.  W.  Zwolak,  J.  J.  Tyson,  and  L.  T.  Watson,  “Globally  optimized  parameters  for  a  model  of 
mitotic  control  in  frog  egg  extracts”,  IEE  Systems  Biol.,  to  appear. 
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Journal  articles  submitted  during  the  grant  period  are: 

A.  Verstak,  N.  Ramakrishnan,  K.  K.  Bae,  W.  H.  Tranter,  L.  T.  Watson,  J.  He,  C.  A.  Shaffer, 
and  T.  S.  Rappaport,  “Using  hierarchical  data  mining  to  characterize  performance  of  wireless 
system  configurations” ,  ACM  Trans.  Modeling  Comput.  Simulation. 

V.  M.  Perez,  J.  E.  Renaud,  and  L.  T.  Watson,  “Reduced  sampling  for  construction  of  quadratic 
response  surface  approximations  using  adaptive  experimental  design”,  AIAA  J.. 

N.  Saha,  L.  T.  Watson,  K.  Kafadar,  A.  Onufriev,  N.  Ramakrishnan,  C.  Vasquez-Robinet,  and  J. 
Watkinson,  “A  general  probabilistic  model  of  the  PCR  process”,  Math.  Comput.  Modeling. 

M.  Vass,  C.  A.  Shaffer,  N.  Ramakrishnan,  L.  T.  Watson,  and  J.  J.  Tyson,  “The  JigCell  Model 

Builder:  a  spreadsheet  interface  for  creating  biochemical  reaction  network  models”,  IEEE 
Trans.  Comput.  Biol.  Bioinformatics. 

D.  Mishra,  C.  A.  Shaffer,  N.  Ramakrishnan,  L.  T.  Watson,  K.  K.  Bae,  J.  He,  A.  A.  Verstak,  and 
W.  H.  Tranter,  “S4W:  a  problem  solving  environment  for  wireless  system  design”,  Software: 
Pract.  Exper.. 

H.  Agarwal,  J.  E.  Renaud,  and  L.  T.  Watson,  “A  unilevel  architecture  for  reliability  based  design 
optimization”,  Structural  Multidisciplinary  Optim.. 

H.-J.  Su,  J.  M.  McCarthy,  M.  Sosonkina,  and  L.  T.  Watson,  “POLSYS-GLP:  a  parallel  general 
linear  product  homotopy  code  for  solving  polynomial  systems  of  equations”,  ACM  Trans. 
Math.  Software. 

J.  W.  Zwolak,  P.  T.  Boggs,  and  L.  T.  Watson,  “ODRPACK95:  a  weighted  orthogonal  distance 
regression  code  with  bound  constraints” ,  ACM  Trans.  Math.  Software. 

J.  Shu,  L.  T.  Watson,  N.  Ramakrishnan,  F.  A.  Kamke,  and  C.  L.  North,  “Unification  of  problem 
solving  environment  implementation  layers  with  XML” ,  Adv.  Engrg.  Software. 

N.  A.  Allen,  K.  C.  Chen,  C.  A.  Shaffer,  J.  J.  Tyson,  and  L.  T.  Watson,  “Computer  evaluation 

of  network  dynamics  models  with  application  to  cell  cycle  control  in  budding  yeast”,  IEE 
Systems  Biol.. 

D.  B.  Adams,  L.  T.  Watson,  O.  Seresta,  and  Z.  Giirdal,  “Global/local  iteration  for  blended  com¬ 
posite  laminate  panel  structure  optimization  subproblems” ,  Mech.  Adv.  Materials  Structures. 
J.  N.  Lee,  F.  A.  Kamke,  and  L.  T.  Watson,  “Simulation  of  the  hot  pressing  of  a  multi-layered  wood 
strand  composite” ,  J.  Composite  Materials. 

F.  A.  Kamke,  L.  T.  Watson,  J.  N.  Lee,  and  J.  Shu,  “A  problem  solving  environment  for  the 
wood-based  composites  industry”,  Forest  Products  J.. 

M.  A.  Gonqalves,  E.  A.  Fox,  L.  T.  Watson,  and  N.  A.  Kipp,  “Towards  a  digital  library  theory:  a 
formal  digital  library  ontology” ,  Internat.  J.  Digital  Libraries. 

Interactions  /  transitions . 

Conference  presentations  were: 

NSF  Design,  Service,  and  Manufacturing  Grantees  and  Research  Conference,  San  Juan,  PR,  Jan., 
2002. 

Numerical  Aspects  of  Circuit  and  Device  Modeling  Workshop,  Santa  Fe,  NM,  April,  2002. 
International  Parallel  and  Distributed  Processing  Symposium  2002,  Fort  Lauderdale,  FL,  April, 
2002  (2  papers). 

High  Performance  Computing  Symposium  2002,  San  Diego,  CA,  April,  2002  (2  papers). 
AIAA/ASME/ASCE/AHS/ASC  43rd  Structures,  Structural  Dynamics,  and  Materials  Conference, 
Denver,  CO,  April,  2002  (7  papers). 
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SIAM  Conference  on  Optimization,  Toronto,  Canada,  May,  2002  (3  papers). 

IEEE  2002  Radio  and  Wireless  Conference,  Boston,  MA,  August,  2002. 

Electronic  Prototyping  Review  Meeting,  Sunnyvale,  CA,  July,  2002. 

9th  AIAA/ISSMO  Symp.  on  Multidisciplinary  Analysis  and  Optimization,  Atlanta,  GA,  Sept., 
2002  (7  papers). 

IEEE  Vehicular  Technology  Fall  Conference,  Vancouver,  Canada,  Sept.,  2002. 

Sixth  European  Panel  Products  Symposium,  Llandudno,  Wales,  United  Kingdom,  Oct.,  2002. 
International  Academy  of  Wood  Science  Annual  Meeting,  Beijing,  China,  Oct.,  2002. 

OSB  World  Symposium  and  Exposition,  Chicago,  IL,  Oct.,  2002. 

3rd  International  Conference  on  Systems  Biology,  Stockholm,  Sweden,  Dec.,  2002. 

SIAM  Conference  on  Computational  Science  and  Engineering,  San  Diego,  CA,  Feb.,  2003. 

High  Performance  Computing  Symposium  2003,  Orlando,  FL,  March,  2003  (2  papers). 
AIAA/ASME/ASCE/AHS  44th  Structures,  Structural  Dynamics,  and  Materials  Conf.,  Norfolk, 
VA,  April,  2003  (6  papers). 

17th  International  Parallel  and  Distributed  Processing  Symposium,  Nice,  France,  April,  2003. 
Spring  Research  Conference  on  Statistics  in  Industry  and  Technology,  Dayton,  OH,  June,  2003. 
Summer  Bioengineering  Conference,  Key  Biscayne,  Florida,  June  2003  (2  papers). 

2003  ASME  International  Mechanical  Engineering  Congress,  Washington,  D.C.,  2003. 

29th  Annual  Conference  of  the  IEEE  Industrial  Electronics  Society,  Roanoke,  VA,  2003. 

6th  CanSmart  Workshop  on  Smart  Materials  and  Structures,  Montreal,  Quebec,  Canada,  2003. 
American  Soc.  for  Composites  18th  Technical  Conf.,  Gainesville,  FL,  October,  2003. 

6th  Internat.  Conf.  on  Artificial  Evolution,  Marseille,  France,  October,  2003. 

2003  Winter  Simulation  Conference,  New  Orleans,  LA,  Dec.,  2003. 

11th  SIAM  Conference  on  Parallel  Processing  for  Scientific  Computing,  San  Francisco,  CA,  Feb., 
2004. 

AIAA/ASME/ASCE/AHS/ASC  45th  Structures,  Structural  Dynamics,  and  Materials  Conf.,  Palm 
Springs,  CA,  April,  2004  (5  papers). 

High  Performance  Computing  Symposium  2004,  Arlington,  VA,  April,  2004. 

International  Parallel  and  Distributed  Processing  Symposium  2004,  Santa  Fe,  NM,  April,  2004. 
Numerical  Aspects  of  Circuit  and  Device  Modeling  Workshop,  Santa  Fe,  NM,  June,  2004. 

Forest  Products  Society  58th  Annual  Meeting,  Grand  Rapids,  MI,  June,  2004. 

AFOSR  Workshop  and  Contractors’  Meeting,  Pasadena,  CA,  August,  2004. 

10th  AIAA/ISSMO  Multidisciplinary  Analysis  and  Optimization  Conference,  Albany,  NY,  August, 
2004  (6  papers). 

26th  Annual  International  Conference  of  the  IEEE  Engineering  in  Medicine  and  Biology  Society, 
San  Francisco,  CA,  Sept.,  2004. 

SPIE  11th  Annual  International  Symposium  on  Smart  Structures  and  Materials:  Modeling,  Signal 
Processing,  and  Control,  San  Diego,  CA,  2004. 

Spring  Simulation  Multiconference,  San  Diego,  CA,  April,  2005  (3  papers). 

SIAM  Annual  Meeting,  New  Orleans,  LA,  July,  2005. 

International  Conference  on  Complementarity,  Duality,  and  Global  Optimization  in  Science  and 
Engineering,  Blacksburg,  VA,  August,  2005. 

American  Society  for  Photogrammetry  and  Remote  Sensing  16th  Pecora  Symposium,  Sioux  Falls, 
SD,  Oct.,  2005. 
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Technology  transitions  or  transfer: 

PERFORMER 

Layne  T.  Watson,  Virginia  Polytechnic  Institute  &  State  University 

Telephone:  540-231-7540 

CUSTOMER 

General  Motors  Research  and  Development  Center 
Warren,  MI 

Contact:  Alexander  P.  Morgan,  810-986-2157 
RESULT 

Homotopy  algorithms;  mathematical  software 
APPLICATION 

Linkage  mechanism  design;  combustion  chemistry;  robotics;  CAD / CAM 
PERFORMER 

Layne  T.  Watson,  Virginia  Polytechnic  Institute  &  State  University 

Telephone:  540-231-7540 

CUSTOMER 

Lucent  Technologies 

Murray  Hill,  NJ 

Contact:  Robert  Melville,  908-582-2420 
RESULT 

Homotopy  algorithms;  mathematical  software 

APPLICATION 

Circuit  design  and  modelling 

PERFORMER 

Layne  T.  Watson,  Virginia  Polytechnic  Institute  &  State  University 

Telephone:  540-231-7540 

CUSTOMER 

Michelin  Americas 

Greenville,  SC 

Contact:  John  Melson,  864-422-4246 
RESULT 

Adaptive  GMRES  algorithm;  mathematical  software 
APPLICATION 

Iterative  solution  of  large  linear  systems  arising  from  tire  modelling 
PERFORMER 

Raphael  T.  Haftka,  University  of  Florida 
Telephone:  352-392-9595 
CUSTOMER 
Visteon,  Inc. 

Dearborn,  MI  48126 

Contact:  Naveen  Rastogi,  313-755-6264 

RESULT 

Probability  based  genetic  algorithms 
APPLICATION 

Design  of  composite  automotive  structures 


13 


PERFORMER 

Raphael  T.  Haftka,  University  of  Florida 

Telephone:  352-392-9595 

CUSTOMER 

Boeing 

Seattle,  WA 

Contact:  Cliff  Chen 

RESULT 

Bilevel  optimization 
APPLICATION 
Design  of  aircraft 

PERFORMER 

Zafer  Giirdal,  Virginia  Polytechnic  Institute  &  State  University 

Telephone:  540-231-5905 

CUSTOMER 

Sikorsky  Aircraft 

Stratford,  Connecticut  06497 

Contact:  Christos  Kassapoglou,  203-386-3292 

RESULT 

Genetic  algorithms  for  composite  laminate  design 
APPLICATION 

Design  of  helicopter  frame  structures  for  minimum  weight  and  cost 
PERFORMER 

Zafer  Giirdal,  Virginia  Polytechnic  Institute  &  State  University 
Telephone:  540-231-5905 
CUSTOMER 
ADOPTech  Inc. 

Blacksburg,  VA  24061 

Contact:  Grant  Soremekun,  540-231-7232 

RESULT 

Blending  algorithm  for  multipanel  composite  structural  design 
APPLICATION 

Design  of  helicopter  skin  structures  for  minimum  weight  and  cost 
PERFORMER 

Zafer  Giirdal,  Virginia  Polytechnic  Institute  &  State  University 

Telephone:  540-231-5905 

CUSTOMER 

Ford  Research  Laboratory,  Vehicle  Safety  Research  Department 

Detroit,  Michigan  48121 

Contact:  Dr.  Ren-Jye  Yang,  313-845-5916 

RESULT 

Displacement  based  optimization  for  structures  with  nonlinear  response 
APPLICATION 

Minimum  weight  design  of  automotive  structures  for  crashworthiness 
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